ment is as yet available. The a i m of this paper is 1. Four boys with classical nephrogenic diabetes insipidus have been treated by indomethacin, by hydrochlorothiazide, and by the combination of indomethacin and hydrochlorothiazide.
Introduction ' Nephrogenic diabetes insipidus (NDI) is a congenital disorder in which the kidneys are not responsive to antidiuretic hormone. The basic defect responsible for vasopressin resistance presumably is located beyond the intracellular formation of cyclic AMP [l] . The generally recommended management consists of a low solute-load diet and diuretic therapy. Recently, prostaglandin synthetase inhibitors have been used for the treatment of this disorder with encouraging results but no systematic study comparing both forms of treat- to present the results of the treatment by -indomethacin and by hydrochlorothiazide respectively in four children suffering from NDI. The combination of indomethacin and hydrochlorothiazide showed the most marked effect.
Patients and methods
Four boys with NDI were investigated. As shown in Table 1 their glomerular filtration rate (GFR) was normal and the urine osmolality did not increase appreciably after administration of [desamino D-argininelvasopressin. In all children &-microglobulin and phosphate clearance was normal. Proteinuria, glucosuria and hyperaminoaciduria were absent. Urography revealed no hydronephrosis, hydroureter or dilatation of the bladder.
The four children were studied in the same way at the metabolic ward. They received a constant diet with moderate salt restriction and the salt intake was calculated. Variation in vegetables was allowed. The three older children had free access to water. The oral fluid intake of patient no. 4 , who had a body weight of 4000 g, amounted to 1OOOml daily. The patients were 4 days on this diet before the control values were collected, mostly on days 5 and 6 after admission to the metabolic ward. After this control period indomethacin (2 mg 24 h-' kg-') was given during 8 days. On days 6 and 7 the prostaglandin excretion in the urine was measured. On day 7 plasma renin activity and plasma aldosterone were determined. Similarly the effect of hydrochlorothiazide in a dose of 2 mg 24 h-' kg-' (supplemented with KCI) and of the combination of hydrochlorothiazide and indomethacin was documented during a period of at least 8 days. Between the treatment by indomethacin and hydrochlorothiazide there was always an interval of 2 days.
The plasma renin activity, the plasma aldosterone concentration and the urinary prostaglandin excretion were measured according to methods described earlier [2-41. Plasma renin activity and plasma aldosterone concentration were considered to be elevated when the measured values were higher than the + 2 SD range of the normal age-matched controls 121.
Normally the mean urinary excretion of prostaglandins for infants from 1-4 months is for prostaglandin E2 10.9 ng/24 h (range 4.0-17.1, n = 12), for prostaglandin Fzm 317 ng/24 h (range 166-391, n = 12); for children from 6-10 years for prostaglandin El 25.3 ng/24 h (range 12.9-44, n = lo), for prostaglandin Fza 1059 ng/24 h (range 442-2400, n = 10); and for children from 10-16 years for prostaglandin E, 33.7 ng/24 h (range 17.4-68, n = lo), for prostaglandin FZa 1201 ng/24 h (range 973-1555, n = 10). C N~, calculated in the conventional way during the control period and after indomethacin medication in the three older children [5] .
Cosm.9 cH20, cH,O + CNa, cH,O/cH,O + CNa, were Table 1 gives data on renal function during the study. Fig. 1 presents the data collected in patient no. 1. The mean values of serum electrolytes, urine osmolality and GFR, and urinary electrolytes on days 5, 6 and 7 during each treatment period are given in Tables 2 and 3 for each of the four boys. Compared with the control values, the serum sodium concentration decreases during treatment by hydrochlorothiazide and by hydrochlorothiazide together with indomethacin. The GFR bccame distinctly lowered during each form of treatment. The urine osmolality (Table 3) reached a higher value during the administration of hydrochlorothiazide than during indomethacin. The highest osmolality was achieved by the combined treatment, with the exception of patient no. 4. Presumably this is related to the strongly improved hydration of this infant. Indomethacin as well as hydrochlorothiazide treatment lowered the CHz0. In three of the children we were able to calculate CH,o + C~J l 0 0 ml of GFR and CH,O/ CH,O+ CN, when they were not receiving any medication, and also while on treatment by indomethacin.
Results
Indomethacin administration lowered CH,O + cNa/loo ml of GFR but did not influence cH,O/ CHzo+ C N~ In patient no. 4, who was in the clinic for a longer period, we were able to confirm the sustained antidiuretic action of the combination of hydrochlorothiazide and indomethacin, as has already been shown by Monn [lo] .
Results of the measurements of plasma renin activity, plasma aldosterone and of the urinary prostaglandin excretion are presented in Table 4 .
The plasma renin activity and the plasma aldosterone concentration during the control period were slightly increased in one of the children. Indomethacin caused the expected fall in plasma renin activity and in plasma aldosterone concentration. Hydrochlorothiazide treatment provoked a rise in plasma renin activity without an increase of plasma aldosterone concentration probably due to the inhibitory effect of hypokalemia. In three out of the four children the prostaglandin excretion in the urine was normal during the control period; in one of the children the excretion was augmented. Indomethacin, as an inhibitor of prostaglandin synthetase, diminished the urinary excretion of the prostaglandins.
Discussion
Our results confirm the effects of inhibitors of prostaglandin synthesis in NDI [6, [9] [10] [11] [12] [13] [14] [15] . The combined treatment of indomethacin and hydrochlorothiazide proves to be most effective [6, 7, 10, 121 . However, no adequate data are available comparing the activity of indomethacin with that of hydrochlorothiazide. Indomethacin seemed to be more effective in previous studies [6, 111 but in our four children hydrochlorothiazide treatment was sllghtly superior.
Although it is well known that the administration of thiazide diuretics to patients with nephrogenic diabetes insipidus results in a paradoxical antidiuresis [16] , the mechanism(s) remain(s) uncertain. In a series of well-conceived papers effect, combined with the fall in GFR, resulted in a greatly reduced delivery of fluid to the distal nephron and is responsible for the antidiuresis. During chronic hydrochlorothiazide administration, however, there was only a small reduction in the volume of fluid delivered t o the more distal nephron segments. The raised papillary osmolality, by enhancing water reabsorption at sites beyond the proximal tubule, makes a greater contribution to the antidiuresis. The thiazide-induced increase in medullary osmolality was not explained. Perhaps a decrease in medullary prostaglandin concentration could contribute to this effect. In the three older children we noted a decrease in prostaglandin excretion during thiazide administration. Endogenous renal prostaglandin can affect epithelial transport of sodium and chloride. Although there are conflicting reports, enough evidence is available to indicate that they inhibit this transport. The probable sites of action are the cortical and outer medullary collecting tubule and the medullary thick ascending limb of Henle's loop [21] . No detectable effect of prostaglandin mally diluted. A minimal osmolality of about 50 mosmol/kg should be present [5] . The osmolality of the urine during the different forms of treatment is distinctly higher than 50 mosmol/kg, and the sodium delivered beyond the proximal tubule is underestimated. Moreover, the clearance methodology remains an indirect approach. Clearance studies, however, performed under conditions of maximal water diuresis in children with nephropathic cystinosis showed that proximal tubular sodium reabsorption was increased in all children when treated by indomethacin [25] . We wonder whether during chronic treatment by indomethacin in NDI, the same effect is obtained as with hydrochlorothiazide, i.e. an increase in proximal tubular reabsorption of sodium and at the same time an increase of medullary hypertonicity. We could not confirm the increased excretion of urinary prostaglandins in three out of four children during the control period, as was seen in other clinical investigations [ 6 , 9, 151. Conflicting results are reported in the literature about the influence of water diuresis on the urinary excretion of the prostaglandins. Diising et al. [26] conclude that urine flow itself is not an important determinant of urinary prostaglandin E2 excretion. The opposite conclusion was made by Walker el al. [27] . In normal adults the urinary excretion of the prostaglandins is increased or unchanged by the administration of hydrochlorothiazide [7, 81. In the patients with nephrogenic diabetes insipidus a lowered prostaglandin excretion was observed in most of the cases. Whatever the explanation indomethacin, especially in combination with hydrochlorothiazide, is effective in the treatment of NDI. This is most important in infancy and early childhood when the autonomy of drinking is not established. The mental retardation observed in some of the children with NDI, probably due to prolonged dehydration in early life, can be prevented in this way. For older children the advantage of the combined therapy over treatment with hydrochlorothiazide alone is limited.
